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���¤À�õ ´¨Âúê
1 ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ 135 �úó�ùÀþ� ùÂÞ÷ ¥� ÓÜµ¿õ Óþ¤�ã� á��÷� 235 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1.247 üó�Øõ ßû�î ý�û�ÖÜ� Óþ¤�ã� á��÷� ß�� ¯�±�¤� 347 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1.363 üó�Øõ ßû�î ý�û�ÖÜ� ¥� üþ�úó�·õ 463 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1.471 �þ�� ý�û�ÖÜ� ö¢�� üó�Øõ ßû�î 571 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1.583 �Þ�Þ® 62



83 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1.699 â��Âõ103 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ü¨¤�ê �� üÆ�ÜÚ÷� �õ�÷ ù��ø106 : : : : : : : : : : : : : : : : : : : : : : : : : : : : üÆ�ÜÚ÷� �� ü¨¤�ê ý�õ�÷ ù��ø109 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : �þ�Þ÷
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ùÀ�Ø���úÔõ ¥� üþ�û Ý�Þã� ýÂ��÷Â�è ý�û �ÖÜ� ýø¤ ö¢�� üó�Øõ ßû�î �±þÂÖ� ��úÔõ �ãó�Îõ ý�µ¨�¤ ¤¢ýÂ��÷Â�è ý�û�ÖÜ� ýø¤ ö¢�� üó�Øõ ßû�î ��úÔõ ´Æ¿÷ ��ð ¤¢ .¢¢Âð üõ ���¤� üó�Øõ ßû�îÛ� ý�µ¨�¤ ¤¢ ø ���õ¥ ßþ� ¤¢ ü¹þ�µ÷ ö¢¤ø� ´¨À� ¥� Å� .¢Â�ð üõ ¤�Âì ü¨¤Â� ¢¤�õ ø ùÀª üêÂãõ�ÖÜ� ö¢�� üó�Øõ ßû�î ù¤��¤¢ ö�Úþ� ø ÂµÆ��û ¥� éøÂãõ ý��¹�µ÷ ¥� üÞ�Þã� ,�Üð �� ��Æ�õ ü¨À�.¢�ª üõ ù¢�¢ �þ�� ý�û
,ñ�ùÀ þ� × þ á� Ô �¤� ,ñ�ùÀ þ� × þ ýùÂ Þ ÷ ,ü ó� Ø õ ß û� î ý� Ö Ü � :ýÀ � Ü î ý� û ù��ø.�þ�� ý�ÖÜ� ,ýÂ��÷Â�è ý�ÖÜ�.13C14, 13C15, 13A50, 13H10 : üä�®�õ ýÀ��ù¢¤



�õÀÖõ´�aÞû� üó�Øõ ßû�î ý�û�ÖÜ� .À÷�ùÀª ­Âê ¤�ÀØþ ø üþ�¹��� �û�ÖÜ� �õ�÷ ö�þ�� ßþ�Â¨�Â¨ ¤¢�û�ÖÜ� ßþ� ý�ãó�Îõ �õa� .À÷�üþ�¹��� Â±� ý��� Ù�¨ �û�ÖÜ� ßþ� .À÷¤�¢ üþ�¹��� Â±� ¤¢ ü÷�ø�Âê.´¨� ýÂ��÷ ý�û�ÖÜ� �� ¢øÀ½õ��úÔõ ßþ� ý�ãó�Îõ �� ýÂ��÷Â�è ý�û�ÖÜ� ýø¤ üó�Øõ ßû�î ��úÔõ ü¨¤Â� �î ´¨� Âî£ �� �¥�.À�î üõ ü÷�þ�ª ×Þî ýÂ��÷ ý�û�ÖÜ� ýø¤ý�ùÀþ� º�û ý¢��õ 1992 ñ�¨ ¥� Û±ì �î ¢¤�¢ üõ ö��� üþ�¹��� Â±� ���Öõ ¤¢ ý�ù¢�¨ ý�¹µÆ�℄17[ ¤¢ 1 �Üð âì�õ ßþ� ¤¢ .´¨� ù¢�±÷ ¢���õ ýÂ��÷Â�è ý�û�ÖÜ� ýø¤ üó�Øõ ßû�î ��úÔõ ý�Â�ý��ÖÜ� ý�þ�� ý�ÖÜ� ¢¥ §À� ,ýÂ��÷Â�è ý�û�ÖÜ� ýø¤ ��úÔõ ßþ� ý�Â� üÔþÂã� ý���¤� öøÀ�Â�è ý�û�ÖÜ� ¥� °¨��õ üÔþÂã� ´¨��¡ üõ ø� âì�ø ¤¢ .´¨� üó�Øõ ßû�î �f¢À¹õ üó�Øõ ßû�îý�û �ÖÜ� ý�Â� üÔþÂã� ℄18[ ¥� 219 ý�½Ô¬ ¤¢ ø� ,ñ�¨ ø¢ ¥� Àã� .Àû¢ ���¤� üó�Øõ ßû�î ýÂ��÷��úÔõ �� üó�Øõ ßû�î M ñøÀõ �R Ý�þ�ð üõ .¢Âî ���¤� (�Üð ��úÔõ �� üó�Øõ ßû�î ) ýÂ��÷Â�èÝ�ª�� �µª�¢ R ¥� p ñø� ñ�ùÀþ� Âû ý�Â� ù�ðÂû ´¨� �ÜðhtRp(p) = P:gradeRp(pRp;Mp)�� �¤ ��úÔõ ßþ� �õ .´¨� Mp ñøÀõ �Rp ýø¤ pRp ý��ÜÞ� À�� ýùÂÞ÷ P:gradeRp(pRp;Mp) �î�� �î Àª ù¢¤ø� 2 ´÷Âû�î ÝÑ�õ ý�ÖÜ� ×þ ¥� üó�·õ �ó�Öõ ö�Þû ¤¢ .Ý�û¢ üõ ö�È÷ Glaz ¢�Þ÷��úÔõ ý�Â� üÔþÂã� ö��µ�õ �÷�Ú� �î ¢Âî �ÂÎõ �¤ ñ��¨ ßþ� �Üð �Áó .¢�±÷ üó�Øõ ßû�î ,�Üð ÓþÂã�ùø�ã� ø ¢�ª üØþ ýÂ��÷ ´ó�� ¤¢ ÓþÂã� �� �î ¢Âî ���¤� ýÂ��÷Â�è ý�û�ÖÜ� ýø¤ üó�Øõ ßû�î.´¨� ùÀª ý¤ø�¢Âð ù¢�� �Üð ÂÑ÷ Àõ �»÷� Ûþ£ ¤¢ .À�ª�� üó�Øõ ßû�î ´÷Âû�î ÝÑ�õ ý�û�ÖÜ��î ¢Âî ���¤� ýÂ��÷Â�è ý�û�ÖÜ� ýø¤ üó�Øõ ßû�î ��úÔõ ý�Â� üÔþÂã� ö��µ�õ �÷�Ú�: 1 §À�:Àª�� ´¨¤¢ ö� ý�Â� Âþ¥ ý�ûù¤��ð.¢�ª üØþ ýÂ��÷ ý�û�ÖÜ� ýø¤ üó�Øõ ßû�î üó�Þãõ ÓþÂã� �� ùÀª ù¢�¢ ÓþÂã� .(i)Glaz1
oherent regular ring2



.À÷�ª üó�Øõ ßû�î ´÷Âû�î ÝÑ�õ ý�û�ÖÜ� ,ùÀª ���¤� ÓþÂã� �� .(ii)R ý� û ü µ ¿ þÂ Ø þ ¥� ü û� � µ õ ü ûøÂ ð G ø ü ó� Ø õ ß û� î ý�� Ö Ü � R Ý � � î ­Â ê .(iii)¢� ¡ ý� þ� � ý� Ö Ü � ýø¤ R ùø� ã � ø À ª� � ¢� �� õ ö� ý�Â � À ó� � þ¤ ¤� ��Â �� � î À � ª� � ö� � �.¢�ª üó�Øõ ßû�î RG �¤�Ê�þ� ¤¢ .Àª�� üû��µõ À�ó�� �� (RG := fx 2 R : �(x) = x 8� 2 Gg)℄21[ ¤¢ ö�µÜ�Þû .´¡�¢Â� 4 Éó�¡ üî��¤�� ý�ÖÜ� ��úÔõ �� ℄22[ ø ℄21[ ø ℄20[ ¤¢ 3 ö�µÜ�Þû:¥� À��¤�±ä �î À�î üõ ö��� ýÂ��÷Â�è ý�û�ÖÜ� ýø¤ üó�Øõ ßû�î ��úÔõ ý�Â� ü¬a ��¡ø ´¨� üó�Øõ ßû�î ý��ÖÜ� R[X1;X2; � � �℄ �¤�Ê�þ� ¤¢ .´¨� üó�Øõ ßû�î R Ý��î ­Âê .(H1).ÅØäÂ�üõ üó�Øõ ßû�î R ù�Ú÷� ,Àª�� üó�Øõ ßû�î Rp ý�ÖÜ� ,R ¥� p ñø� ñ�ùÀþ� Âû ý�¥� �� Âð� .(H2).ÅØäÂ�ø Àª��¥� ÀþÀ� üÔþÂã� �ú÷� .Àª�� üõ 5 üó¤�õ ø ö�µÜ�Þû �� ÕÜãµõ �Üð §À� ý�µ¨�¤ ¤¢ ��ð ßþÂµÞúõßþ� .Ý�õ�÷ üõ üó¤�õ ø ö�µÜ�Þû ��úÔõ �� üó�Øõ ßû�î �Â÷� �õ �î À÷¢Âî ���¤� ö¢�� üó�Øõ ßû�î¤¢ ß��»Þû .À�Ø�õ ù¢¤ø�Â� �¤ (ii) ø (i) Íþ�Âª �ú÷� ÓþÂã� .Ý�û¢ üõ Çþ�Þ÷ HM ¢�Þ÷ �� �¤ ��úÔõÀ÷¢Âî ´��� �¤ (iii) �ú÷� ,Àª�� R ¤¢ ü÷ø¤�ø ý�¤�¢ ø üû��µõ G ùøÂð ý�±�Âõ ø dimR � 2 �î üµó��.À÷¢Âî ü¨¤Â� �¤ (H2) ø (H1) ¥� üµÞÆì ý¤�ÂìÂ�ø.¢�ª ö��� ¢Àãµõ ý�û�÷�ð �� À÷��µ�õ ö¢�� üó�Øõ ßû�î ýÂ��÷ ý�û�ÖÜ� ¤¢ �î Ý��î üõ ö�È÷ ÂÏ�¡�� üó�Øõ ßû�î R Ý�þ�ð üõ .Àª�� R ý�ÖÜ� ý�úó�ùÀþ� ¥� üú��÷ ý��þ�¢ÂðP Ý��î ­Âê ñ�·õ ý�Â�:Ý�ª�� �µª�¢ a 2P ñ�ùÀþ� Âû ý�Â� ù�ðÂû ´¨� P ý��ãõK:gradeR(a;R) = htR(a),üû��µõ À�ó�� �� ý�úó�ùÀþ� ý�þ�¢Âð �� �õ �õ�÷ ö�þ�� ßþ� ¤¢ .Ý�û¢ üõ ö�È÷P ¢�Þ÷�� �¤ ��úÔõ ßþ�.Ý��î üõ «�¡ üú�a �� ñ�Þ�Æî�õ ,ñø�ö¢�� üó�Øõ ßû�î ý�Â� üÜ¬� ÓþÂã� ×þ ö���ä �� �¤ ��� ¤¢ ùÀª ù¤�ª� Óþ¤�ã� ¥� ×þ Âû ö��µ�õHamilton3Bourbaki unmixed4Marley5



üóø ,À�µÆ�÷ ¥ ¤� Ýû �fõø�ó ýÂ��÷Â�è ´ó�� ¤¢ ¤�îÁõ ý�û ÓþÂã� .´êÂð ÂÑ÷ ¤¢ ýÂ��÷Â�è ý�û�ÖÜ�.À÷¤�¢ Ýû �� üÎ��ø ¤:¥� À��¤�±ä ¤�îÁõ ý�û ÓþÂã� ö��õ Í��ø ¤ ¥� ü¡Â�Max( Spe
, ideals) Glaz ) f:g ideals) HM (WB.´¨� ´¨¤¢ Spe
)WB ù¤��ð ´¨� ´÷Âû�î �ÖÜ� �î üµó�� ¤¢ ß��»Þû«��¡ ¥� ü¡Â� ùÀ�÷��¡ üµ��¤ ý�Â� .Ý�û¢ üõ ���¤� �¤ �úó�ùÀþ� ùÂÞ÷ ¥� ÓÜµ¿õ Óþ¤�ã� �ø¢ Ç¿� ¤¢Âµú� ñø¥�î ùÂÞ÷ ¥� ù¢�Ôµ¨� �î À¨¤ üõ ÂÑ÷ �� ö�Þê�Àû� ö��� ¤�Ñ�õ �� .Ýþ�ù¢Âî ý¤ø�¢Âð �¤ �ú÷�.Ý�û¢ üõ ö�È÷ K:gradeR(a;M) ´õ�ä �� �¤ M ñøÀõ �R ýø¤ a ñ�ùÀþ� ñø¥�î ýùÂÞ÷ .´¨�ßþ� .Ý��î üõ ü¨¤Â� �¤ ýÂ��÷Â�è üó�Øõ ßû�î ý�û�ÖÜ� ÓÜµ¿õ Óþ¤�ã� ö��õ ¯�±�¤� ��¨ Ç¿� ¤¢­Âê .´¨� Éó�¡ üî��¤�� ý�û�ÖÜ� ��úÔõ ø üó¤�õ - ö�µÜ�Þû ø �Üð Óþ¤�ã� Ûõ�ª Óþ¤�ã��Î��¤ ý¢�Àã� .Àª�� R ý�ÖÜ� ý�úó�ùÀþ� ý�Þû ý�þ�¢Âð ¥� üú� Â�è ý�þ�¢Âð Âþ¥ ×þ A Ý��î�� M ñøÀõ �R �î À��î ��a ��)Ý�û¢ üõ ���¤� A ��úÔõ �� �úóøÀõ ö¢�� üó�Øõ ßû�î ü¨¤Â� ý�Â�A ¤¢ a ñ�ùÀþ� Âû ý�Â� htM (a) = K:gradeR(a;M) ýø�Æ� Âð� ¢�È�õ �µÔð üó�Øõ ßû�î A ��úÔõø ñø� ý�úó�ùÀþ� ,ùÀª À�ó�� �f�û��µõ ý�úó�ùÀþ� ý�þ�¢Âð À÷��µ�õ �úó�ùÀþ� ¥� �þ�¢Âð ßþ� .(Àª�� ¤�ÂìÂ�.Àª�� �úó�ùÀþ� ý�Þû ý�þ�¢Âð �þ ø ñ�Þ�Æî�õ ý�úó�ùÀþ�.¢Â�ð üõ ��¹÷� ö� §�¨� Â� �û ��±�� °Üè� �î ´¨� Ç¿� ßþ� ¤¢ ýÀ�Üî �¹�µ÷ ×þ Âþ¥ Ýó�¤�Ê�þ� ¤¢ .Àª�� üû��µõ À�ó�� �� ñøÀõ �R×þ M ø R ý�ÖÜ� ¥� üó�ùÀþ� a Ý��î ­Âê: 2 Ýó.K:gradeR(a;M) � htM (a)��±�� ,¢Â�ð ¤�Âì ùÀ�÷��¡ ��a �� ¢¤�õ �¤�øÀ�õ� �î ÀþÀ� üªø¤ �� �¤ �þ�Ìì ¥� ü¡Â� �õ�÷ ö�þ�� ßþ� ¤¢.´¨� ùÀª ß�aãõ ¢¤�õ ý�Àµ�� ¤¢ �� ´õ�ä �� °ó�Îõ ßþ� ,�õ�÷ ö�þ�� ñ�Ï ¤¢ �î Ýþ�ù¢Âî



1 ÛÊê
ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ

.´¨� ¤�ÀØþ ø üþ�¹��� ý�ÖÜ� ×þ ,RÛÊê ßþ� Â¨�Â¨ ¤¢ÂÊ�ä ×þ �¤ x 2 R ÂÊ�ä .´¨� R ý�ÖÜ� ýø¤ üóøÀõM Ý��î ­Âê .(Óó�) .ÓþÂã� 1.1:ù�ðÂû Ý�þ�ð üõ ÝÑ�õ �M8m 2M ;xm = 0) m = 0.Ý�û¢ üõ ö�È÷ Zd(M) ´õ�ä �� �¤ M ýø¤ ÝÑ�õ Â¬��ä �ä�Þ¹õ:ù�ðÂû ,Ý�þ�ð üõ ÝÑ�õ ý�µª¤ �M ×þ �¤ R ý�Ìä� ¥� x := x1; x2 � � � ; xn �µª¤ .(�)x1 62 Zd(M) (ii = 2; � � � ; n Âû ý�Â� xi 62 Zd( M(x1;���;xi�1)M ) (ii(x1; � � � ; xn)M 6=M (iii.Ý�õ�÷ Ó�ã® ÝÑ�õ ý�µª¤ �M �Â÷� ,À�î ëÀ¬ (ii) ø (i) Íþ�Âª ¤¢ ÍÖê x ý�µª¤ Âð�ÀþÂ�Ú� R ¥� üó�ùÀþ� �¤ I ø R ýÂ��÷ ý�ÖÜ� ýø¤ üû��µõ À�ó�� �� üóøÀõ �¤ M .ÓþÂã� 2.1ù�ðÂû .Àª�� �µª¤ �M ×þ a1; � � � ; ar ø ù¢�� ñøÀõ R×þ M�î Ý��î ­Âê .IM 66=M �Øþ¤�Î�b 2 I º�û ý�Â � Â ð� .´¨� I ¤¢ � µª¤ �M ×þ a1; � � � ; ar Ý� þ� ð ù�Ú ÷� ,ai 2 I ,i Âû ý�¥� � �ñ�Þ�Æî�õ �µª¤ �M ×þ a1; � � � ; ar Ý�þ�ð ù�Ú÷� ,Àª�± ÷ �µª¤ �M ×þ a1; � � � ; ar; b ý�ó�± ÷¢1



2 ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ .1 ÛÊêI ýùÂÞ÷ �¤ íÂµÈõ ñ�Ï ßþ�.´¨� ö�ÆØþ I ¤¢ ñ�Þ�Æî�õ ý�û�µª¤ �M ��Þ� ñ�Ï .´¨� I ¤¢Ý � û¢ üõ ¤�Â ì ,IM = M Â ð� .Ý � û¢ üõ ö�È ÷ grade(I;M) ¢� Þ ÷ � � �Â ÷� ø Ý � õ� ÷ üõ M ýø¤ý�û�µª¤ �M üõ�Þ� ñ�Ï ù�Ú÷� ,Àª�±÷ ýÂ��÷ R Âð��î Ý��î üõ ö�È÷ ÂÏ�¡ .grade(I;M) =1M ø ýÂ��÷ ø üã®�õ ý��ÖÜ� (R,m) �î À��î ­Âê .À�µÆ�÷ ö�ÆØþ �fõø�ó I ¤¢ (Ó�ã®) ñ�Þ�Æî�õgradeR(m;M)�Áó .mM 66=M ù¤��Þû �õ�þ�î�÷ Ýó Â���� �¤�¬ ßþ� ¤¢ ,Àª�� À�ó�� �� ñøÀõ �R×þ.Ý�õ�÷ üõM ÕÞä �Â÷� ø Ý�û¢ üõ ö�È÷ depthR(M) ¢�Þ÷ �� �¤ ¢Àä ßþ�. ´¨� üû��µõý�Â � Â ð� �¤�Ê � þ� ¤¢ .À ª� � ñøÀ õ �R ×þ M ø � Ö Ü � ×þ R Ý � � î ­Â ê .Ó þÂ ã � 3.1ý� ó� ± ÷¢ ,� ú � µ ¿ þÂ Þ û �R ø� ú óøÀ õ �R ¥� 0 �! N 0 �! N À � ÷� õ ù� �� î Õ � ì¢ ý� ó� ± ÷¢ Â û.´¨� ´¨ÀØþ ñøÀõ �R×þ M Ý�þ�ð ,Àª�� Õ�ì¢ 0 �! N 0 
RM �! N 
RM¤¢ Ý�þ�ð ´¨ÀØþ �¤ f : R �! S ý��ÖÜ� üµ¿þÂÞû ù�Ú÷� ,À�ª�� �ÖÜ� S ø R Âð� .ÓþÂã� 4.1.Àª�� ´¨ÀØþ ñøÀõ �R×þ S �Ø��¤�¬ýø¤ M Ý�þ�ð �¤�Ê�þ� ¤¢ .Àª�� ñøÀõ �R×þ M ø �ÖÜ� ×þ R Ý��î ­Âê .ÓþÂã� 5.1´¨¤¢ Âþ¥ ýù¤��ð �úóøÀõ �R ¥� N 0 �! N À�÷�õ üµ¿þÂÞû �R Âû ý�Â� Âð� ´¨�êø�� ´¨ÀØþ �R0 �! N 0
RM �! N
RM ý�ó�±÷¢ Âð� �ú�� ø Âð� ´¨� Õ�ì¢ 0 �! N 0 �! N ý�ó�±÷¢ :Àª��.Àª�� Õ�ì¢Ý�þ�ð �êø�� ´¨ÀØþ �¤ f : R �! S ý��ÖÜ� üµ¿þÂÞû ù�Ú÷� À�ª�� �ÖÜ� S ø R Âð� .ÓþÂã� 6.1.Àª�� �êø�� ´¨ÀØþ ñøÀõ �R×þ S Âð��¤ R Ó�Ï ¤�Êµ¡� �� �þ R ñøa� Ó�Ï .Àª��ÂþÁ� Ëþ�ã� ý��ÖÜ� R Ý��î ­Âê .ÓþÂã� 7.1.Ý�û¢ üõ Çþ�Þ÷ Spe
 �� �¤ RÓ�Ï .Ý��î üõ ÓþÂã� R ñø� ý�úó�ùÀþ� ý�Þû ý�ä�Þ¹õ�¤ (�µþ¤�ø) V(a) �¤�Ê�þ�¤¢ .Àª�� R �ÖÜ� ¥� ý�ùÂ¨ ñ�ùÀþ� ×þ a Ý��î ­Âê .ÓþÂã� 8.1V (a) := fp j p 2 Spe
(R); a � pg :Ý��î üõ ÓþÂã� ß���



3 ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ .1 ÛÊêö�È÷ SuppR(M) ´õ�ä�� �î ,�¤ M ÛÞ½õ Àª�� ñøÀõ �R×þ M Ý��î ­Âê .ÓþÂã� 9.1SuppR(M) := fp 2 Spe
(R) :Mp 66= 0g :Ý��î üõ ÓþÂã� ß��� ,Ý�û¢ üõ0 : M �þ AnnM �� ø ùÀª ùÀ�õ�÷ M ¥�Æ��� R ¥� fr 2 R : rM = 0g ñ�ùÀþ� .ÓþÂã� 10.1Â ð� .Ý þÂ � Ú � Â Ñ ÷ ¤¢ AAnnM ýø¤ ñøÀ õ × þ ö�� � ä � � �¤ M Ý � ÷�� � ü õ .¢� È � õ ù¢�¢ Ç þ� Þ ÷.´¨�êø�� ñøÀõ ×þ M �î Ý�þ�ð ù�ð ö� Ann(M) = 0üµ¿þÂÞû ×þ f : R �! S ø ¤�ÀØþ ø üþ�¹��� ý�ÖÜ� ×þ S Ý��î ­Âê .ÓþÂã� 11.1´¨À� ñøÀõ �R×þ (f ´½�) Âó�Ø¨� �Â® ÀþÀ½� �� ö��� üõ �¤ S �¤�Ê�þ� ¤¢ .Àª�� ý��ÖÜ�.Ý�õ�÷ üõ Â±��R×þ �¤ üóøÀõ �R ¤�µ¡�¨ ßþ� �� ù�ÂÞû S ý�ÖÜ� .¢¤ø��î Àª�� ö��� � : A �! B ø A � B Âð� .À�ª� � �ÖÜ� B ø A Ý��î ­Âê .ÓþÂã� 12.1´ª�Ú÷ ßþ� ø ¢�È�õ ùÀ�õ�÷ B ¥� Â� öø¤¢ ñøÀõ ×þ A �¤�Ê�þ� ¤¢ ,a 2 A ÂÊ�ä Âû ý�Â� �(a) = a.À�õ�÷ üõ ñøÀõ Â� öø¤¢ ´ª�Ú÷ �¤V ar(I) �¤�¬ ßþ�¤¢ Àª�� R ÂþÁ³Ìþ�ã� ý�ÖÜ� ¥� ý�ùÂ¨ ñ�ùÀþ� I Ý��î ­Âê .ÓþÂã� 13.1ñø� ý�úó�ùÀþ� �¤ V ar(I) ñ�Þ���õ ý�û�Ìä .¢¤�¢ ñ�Þª ý�Î��¤ �� ñ�Þ���õ �Ìä ×þ Ýî ´¨¢üõ R ñ�Þ���õ ñø� ý�úó�ùÀþ� ù�ð �¤ ÂÔ¬ ñ�ùÀþ� ñ�Þ���õ ñø� ý�úó�ùÀþ� .Ý�õ�÷ üõ I Ûõ�ª ñ�Þ���õ.Ý�õ�÷S�1 �î Ý�÷�¢ üõ .Àª�� A ¥� ü�Â® ý�µÆ� ý�ä�Þ¹õ Âþ¥ ×þ S Ý��î ­Âê . ÂîÁ� 14.1�¤ M ñøÀõ �A �î ¢�ª üõ ý¤ø�¢�þ .´¨� Õ�ì¢ ¤�µØ÷�ê ��÷ S�1A
�Å� ´¨� Õ�ì¢ ¤�µØ÷�ê×þ S�1A ßþ�Â���� .Àª�� Õ�ì¢ M 
A � : C(A) �! C(A) ¤�µØ÷�ê �Ø��¤�¬ ¤¢ Ý�õ�÷ ´¨ÀØþ.´¨� ´¨ÀØþ üµ¿þÂÞû ×þ f : A �! Ap ë�ê ��½�®�� �� ñ�� .´¨� ´¨ÀØþ ñøÀõ �AÂ¬��ä ù�ðÂû .a 2 K ø Àª�� K ¥� ü÷�À�õ Âþ¥ F ø ö�À�õ ×þ K Ý��î ­Âê .ÓþÂã� 15.1¤¢ ,f0 + f1a+ � � �+ fnan = 0 �Øþ¤�Î� À�ª�� ¢���õ ö��� ,À�µÆ�÷ ÂÔ¬ �Þû �î f0; � � � ; fn 2 F



4 ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ .1 ÛÊê.´¨� ýÂ±� F ýø¤ a Ý�þ�ð �¤�¬ ßþ�F �� ÕÜãµõ ý�û a ý�ä�Þ¹õ �¤ K Àª�� F ö�À�õ ¥� ü÷�À�õ Âþ¥ L Ý��î ­Âê .ÓþÂã� 16.1.¢�È�õ ùÀ�õ�÷ L ¤¢ F ýÂ±� ¤�µÆ� K ´¨� ýÂ±� L ýø¤ �î ÝþÂ�ð üõ ÂÑ÷¤¢�¤�Ê�þ� ¤¢ .Àª�� s 2 S ø Àª�� S üþ�¹��� ý�ÖÜ� ¥� ý��ÖÜ�Âþ¥ R Ý��î ­Âê .ÓþÂã� 17.1�Øþ¤�Î� À�ª�� �µª�¢ ¢��ø ö��� r0; r1; � � � ; rh�1 2 R ø h 2 N Âð� ´¨� ¼�½¬ R ýø¤ s Ý�þ�ðsh + rh�1sh�1 + � � �+ r1s+ r0 = 0s .À�µÆû ö�À�õ S ø R �î üµó�� ¤¢ �Áó .Àª�� R[X℄ �� ÕÜãµõ ß�Ø� ý��ÜÞ� À�� ý�Èþ¤ s ü�ãþ.Àª�� ýÂ±� R ýø¤ Âð� �ú�� ø Âð� ´¨� ¼�½¬ R ýø¤ý�ä�Þ¹õ R0 Ý��î ­Âê .Àª�� S üþ�¹��� ý�ÖÜ� ¥� ý��ÖÜ�Âþ¥ R Ý��î ­Âê .ÓþÂã� 18.1R �î ´¨� S ¥� ý��ÖÜ�Âþ¥ R0 �¤�Ê�þ� ¤¢ .À�µÆû ¼�½¬ R ýø¤ �î Àª�� S �� ÕÜãµõ ý�ûs ��Þ�¼�½¬ ¤�Î� S ¤¢ R�î Ý�þ�ð ù�Ú÷� R0 = R Âð� .¢¤�¢ ��÷ S ¤¢ R ¼�½¬ ¤�µÆ� R0 .¢�È�õ Ûõ�ª �¤.´¨� �µÆ�¤�µÆ� ×þ�¤ F .Àª�� Q(R) ý�ûÂÆî ö�À�õ �� ¼�½¬ ý���õ�¢ R Ý��î ­Âê .ÓþÂã� 19.1�� ß�Ø� ý��ÜÞ� À�� ×þ ¥� ý��Èþ¤ �î �¤ F ¥� ýÂ¬��ä ��Þ� ý�ä�Þ¹õ .ÝþÂ�Ú�õ Q(R) ¥� ýÂ±�F ¥� �î ü�Â® ø âÞ�«��¡�� R+ .Ý�û¢ üõ Çþ�Þ÷ R+ �� �Â÷� ø ù¢�¢ Û�ØÈ� À�µÆû R ¤¢ °þ�Â®.Ý��î üõ ý¤�ÁÚõ�÷ R ÕÜÎõ ¼�½¬ ¤�µÆ� �¤ R+ .Àû¢ üõ Â±� �R×þ Û�ØÈ� ¢Â� üõ �¤� ��.´¨� F ��¿µ÷� ¥� ÛÖµÆõ üµ¿þÂØþ À� ¤¢ R+øR üþ�Àµ�� ñ�ùÀþ� Q Ý�þ�ð .Àª�� R üþ�¹��� ý�ÖÜ� ¥� üó�ùÀþ� Q Ý��î ­Âê .ÓþÂã� 20.1Âð� ´¨�.Àª�� R ýùÂ¨ ñ�ùÀþ� Q ü�ãþ Q � R .(i)



5 ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ .1 ÛÊê.bn 2 Q �î Àª�� �µª�¢ ¢��ø n 2 N ù�ð ö� ,a 62 Q üóø ab 2 Q ø a; b 2 R ù�ðÂû .(ii)�¤�¬ ßþ� ¤¢ .Àª�� R üþ�¹��� ý�ÖÜ� ¥� üþ�Àµ�� ñ�ùÀþ� ×þ Q Ý��î ­Âê .ÓþÂã� 21.1.´¨� üþ�Àµ�� �p ,Q Ý�þ�ð üõ ø ´¨� R ¥� ñø� ñ�ùÀþ� ×þ p := pQüã®�õ ý��ÖÜ� (R;m) À��î ­Âê .(ýÂ��÷ ý�û�ÖÜ� ¤¢ ýÂµõ�¤�� ù�Úµ¨¢) .ÓþÂã� 22.1�m ñ�ùÀþ� �î ´¨� R �Ìä d ¥� ý��ä�Þ¹õ R ¥� ýÂµõ�¤�� ù�Úµ¨¢ ×þ ¥� ¤�Ñ�õ .Àª�� d Àã� ��ýÂµõ�¤�� ¥� üû�Úµ¨¢ ×þ Ûì�À� ý�¤�¢ �f��Öþ üã®�õ ý�ÖÜ� Âû ß��»Þû .À�î üõ À�ó�� üþ�Àµ��ù�Úµ¨¢ ×þ fa1; � � � ; adg Âð� ´¨� R ý�Â� ýÂµõ�¤�� ù�Úµ¨¢ ×þ a1; � � � ; ad �î Ý�þ�ð üõ .´¨�.Àª�� R ý�Â� ýÂµõ�¤��ÂÊ�ä Âû ý�Â� Âð� ¢�È�õ ùÀ�õ�÷ ù¥ ¤� ø ÂÞÜì ,K ý�ûÂÆî ö�À�õ �� R ý��õ�¢ .ÓþÂã� 23.1´¨� �µÆ� ¼�½¬¤�Î� ø üã®�õ ý��ÖÜ� ,ù¥ ¤� øÂÞÜì ×þ .x�1 2 R �þ x 2 R Ý�ª�� �µª�¢ x 2 K.´¨� üÜ¬� ö� ¥� ùÀª À�ó�� �f�û��µõ ñ�ùÀþ� Âû ø:À�ó¢�ãõ Âþ¥ ý�ûù¤��ð . Ýó 24.1:M = 0 (i.MP = 0 Ýþ¤�¢ R ¥� p ñø� ñ�ùÀþ� Âû ý�Â� (iiMm = 0 Ýþ¤�¢ R ¥� m ñ�Þ�Æî�õ ñ�ùÀþ� Âû ý�Â� (iiiS ø S üþ�¹��� ý�ÖÜ� ¥� ý��ÖÜ�Âþ¥ R Ý��î ­Âê .(ýÂþÁ��÷ �Æþ�Öõ ý��Ìì) .��Ìì 25.1.Q = Q0 ù�Ú÷� Q0 \R = Q \R = p ø Q � Q0 �î Q;Q0 2 Spe
(S) Âð� .Àª�� ¼�½¬ R ýø¤� ℄33.13 ý��Ìì ,36[ .í.¤ .ö�ûÂ�Àó�õ üû��µõ üóøÀõ �R ,M ø ýÂ��÷ ý�ÖÜ� R Ý��î ­Âê 1.(Åþ¤ - ß��¤�) .��Ìì 26.1´¨� ¢���õ 
´±·õ ¼�½¬ ¢Àä ù�Ú÷� .Àª�� R ¥� üó�ùÀþ� Iø Àª�� M ñøÀõ Âþ¥ N �M Âð� .Àª��Artin - Rees1



6 ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ .1 ÛÊêInM \N = In�
(I
M \N) :Ýþ¤�¢ n > 
 Âû ý�Â� �î ý¤�Î�� .℄5.8 ýù¤��ð ,30[ .í.¤ .ö�ûÂ�R ýø¤ S ø S üþ�¹��� ý�ÖÜ� ¥� ý��ÖÜ�Âþ¥ R Ý��î ­Âê .(á�ìø ý��Ìì) .��Ìì 27.1Q\R = p �î ¢¤�¢ ¢��ø Q 2 Spe
(S) �¤�Ê�þ� ¤¢ .ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ p 2 Spe
(R) .Àª�� ¼�½¬.´¨� âì�ø p üø¤ Q ü�ãþ� ℄43.13 ý��Ìì ,36[ .í.¤ .ö�ûÂ�ý� Ö Ü � ¥� ý�� Ö Ü � Â þ¥ R Ý � � î ­Â ê .((¢� ã ¬) ýÂ ��� � ý� � Ì ì) .� � Ì ì 28.1Ý��î ­Âê.m < n ø n 2 N ø m 2 N0 Ý��î ­Âê .Àª�� ¼�½¬ R ýø¤ S ø ù¢�� S üþ�¹���Q0 � Q1 � � � � � Qm�1 � Qm ø R ñø� ý�úó�ùÀþ� ¥� ýÂ�¹÷¥ p0 � p1 � � � � � pn�1 � pn�¤�Ê�þ� ¤¢ .Qi \ R = pi ,i = 0; � � � ;m Âû ý�¥� �� �Øþ¤�Î� Àª�� S ñø� ý�úó�ùÀþ� ¥� ýÂ�¹÷¥�î À÷¤�¢ ¢��ø S ¥� Qn; � � � ; Qm+1 ö�� üóø� ý�úó�ùÀþ�Q0 � Q1 � � � � � Qn�1 � Qn.Qi \R = pi ,0 � i � n Âû ý�¥� �� ø� .℄38.13 ý��Ìì ,36[ .í.¤ .ö�ûÂ�R ýø¤ S ø S ¼�½¬ ý��õ�¢ ¥� ý��ÖÜ�Âþ¥ R Ý��î ­Âê .(ñø�÷ ý��Ìì) .��Ìì 29.1­Âê .m � n ø n 2 N ,m 2 N0 Ý��î ­Âê .Àª�� �µÆ� �f½�½¬ R �î Ý��î ­Âê .Àª�� ¼�½¬ýÂ�¹÷¥ Ý��îP0 � p1 � � � � � pn�1 � pnÂ�¹÷¥ ø R ñø� ý�úó�ùÀþ� ¥� ýÂ�¹÷¥Q0 � Q1 � � � � � Qm�1 � Qm



7 ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ .1 ÛÊêÂ�¹÷¥ �¤�Ê�þ� ¤¢ .Qi \R = pi,i = 0;1; � � � ;m Âû ý�¥� �� �î Àª�� S ñø� ý�úó�ùÀþ� ¥� ýÂ�¹÷¥¢¤ø� ´¨À� �¤ Âþ¥ Â�¹÷¥ ø ¢�¢ ©ÂµÆð S ¥� Qn; � � � ; Qm+1 ö�� üóø� ý�úó�ùÀþ� �� ö��� üõ �¤ �ø¢Q0 � Q1 � � � � � Qm�1 � Qn.Qi \R = pi ,i = 0; � � � ; n Âû ý�¥� �� �Øþ¤�Î�� .℄41.13 ý��Ìì ,36[ .í.¤ .ö�ûÂ�ý��ÜÞ� À�� Âû Âð� ,Ý�þ�ð �µÆ� ýÂ±� �¤ K ö�À�õ .(�µÆ� ýÂ±� ¤�Î� ö�À�õ) .ÓþÂã� 30.1C ÍÜµ¿õ ö�À�õ �î ¢¤�¢ üõ ö��� Â±� üÜ¬� ý��Ìì .Àª�� �µª�¢ K ¤¢ ý��Èþ¤ K[X℄ ¥� ´����÷.´¨� �µÆ� ýÂ±�ù�Ú÷� ,Àª�� Çþ�ûÂÆî ö�À�õ ¤¢ �µÆ� ¼�½¬ ¤�Î� ø ¼�½¬ ù¥�� ×þ A Âð� .ÓþÂã� 31.1×þ Ap ý�ÖÜ� A ¥� p ñø� ñ�ùÀþ� Âû ý�Â� Âð� ø .´¨� �µÆ� ¼�½¬ ¤�Î� ýù¥�� ×þ A Ý�þ�ð�� °Üè� ñ�õÂ÷ ý�ÖÜ�) .´¨� ñ�õÂ÷ ý�ÖÜ� ×þ A Ý�þ�ð ù�Ú÷� ,Àª�� �µÆ� ¼�½¬ ¤�Î� ýù¥��.(¢�ª üõ ù¢�Ôµ¨� ùÀª �µÆ� ¼�½¬ ¤�Î� ý�ûù¥�� ü�ãõýø¤ p � î À ª� � ¢� �� õ x 2 M Â ð� ´ ¨� R ¥� ü óø� ñ�ùÀ þ� p Ý � � î ­Â ê .Ó þÂ ã � 32.1Ý�Æþ�÷ üõ ø ´¨� �µÆ��ø M �� Ó�ã® ¤�Î� p ñø� ñ�ùÀþ� Ý�þ�ð ù�Ú÷� ,´¨� ñ�Þ���õ (0 :R x).p 2WeakAssM,p 2 Spe
(R) ø Àª�� R ýÂ��÷ ø üþ�¹��� ý�ÖÜ� ýø¤ üóøÀõ M Ý��î ­Âê .ÓþÂã� 33.1.(0 : m) = Ann(m) = p �î Àª�� �µª�¢ ¢��ø m 2M Âð� ´¨� M �� �µÆ��ø ñø� ñ�ùÀþ� p Ý�þ�ðR Ý�þ�ð ù�Ú÷� ,Àª�� üû��µõ Çþ�Þ÷ �� R ¥� üû��µõ À�ó�� �� ñ�ùÀþ� Âû ù�ðÂû .ÓþÂã� 34.1.´¨� ´÷Âû�î ý��ÖÜ�



8 ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ .1 ÛÊêÀ�÷�õ ýÀó�õ ý�¤�¢ M �Ø��¤�¬ ¤¢ Ý�õ� ÷ ¢�¥� ñøÀõ �R ×þ �¤ M ñøÀõ R .ÓþÂã� 35.1ý��þ�� �¤ X �¤�Ê�þ� ¤¢ .i 2 I Âû ý�Â� ri = 0 ù�ð ö�Pi2I rimi = 0 Âð� �î Àª�� X = fmigi2I.Ý�þ�ð üõ üû��µõ ¢�¥� ñøÀõ �¤ üû��µõ ý�þ�� �� ¢�¥� ñøÀõ ×þ .Ý�õ�÷ üõM ý�Â�.ÓþÂã� 36.1: Ý��î üõ ÓþÂã� ø Ý�û¢ üõ ö�È÷ htR(p) ´õ�ä�� �¤ p ñø� ñ�ùÀþ� á�Ô�¤� (1htR(p) := supfn 2 N0 j . ´¨� ¢���õ p �� ��µ¿õ n ñ�Ï �� R ñø� ý�û ñ�ùÀþ� ¥� À�î� ýÂ�¹÷¥ g:( .htp =1 Ý�û¢üõ ¤�Âì ,Àª�±÷ ¢���õ ÝÞþÂ��¨ Âð� ): Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� ø Ý�û¢ üõ ö�È÷ dim(R) ´õ�ä �� �¤ R �ÖÜ� Àã�e (2dim(R) = 8<: supfhtR(p) : p 2 Spe
(R)g Àª�� ¢���õ ÝÞþÂ��¨ Âð�1 Àª�±÷ ¢���õ ÝÞþÂ��¨ Âð�: Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� �¤ R ¥� I ù��¿ó¢ ñ�ùÀþ� á�Ô�¤� ù�Ú÷� ,Àª�� ýÂ��÷ R Âð� (3htR(I) = minfhtR(p) : ´¨� I Ûõ�ª ñø� ñ�ùÀþ� pg
har R 6= 
har Rm Âð� �¤�Ê�þ� ¤¢ Àª�� üã®�õ ý��ÖÜ� (R;m) Ý��î ­Âê .ÓþÂã� 37.1.´¨� 2 ¯�Ü¿õ ý�Ê¿Èõ ¥� R Ý�þ�ð ù�Ú÷�ù� Ú ÷� À ª� � ¯� Ü ¿ õ ý� Ê ¿ È õ ¥� ,ü ã ®� õ ø ¼ � ½ ¬ ý�� � õ�¢ R Â ð� .Â îÁ � 38.1.´¨� ñø� ý¢Àä p ö� ¤¢ �î 
har R = 0; 
har Rm = pÂÊ�ä ø ýÂ��÷ ø üþ�¹��� ý��ÖÜ� R Ý��î ­Âê .(ñøÂî üÜ¬� ñ�ùÀþ� ý��Ìì) .��Ìì 39.1¤¢ ,Àª�� R ¥� aR üÜ¬� ñ�ùÀþ� ñ�Þ���õ ñø� ñ�ùÀþ� ×þ p Ý��î ­Âê ø .Àª�� ÂþÁ��÷ öø¤�ø a 2 R.htp � 1 �¤�¬ ßþ�mixed 
har2



9 ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ .1 ÛÊê� .℄2.15 ý��Ìì ,36[ .í.¤ .ö�ûÂ�ø ýÂ��÷ ø üþ�¹��� ý��ÖÜ� R Ý��î ­Âê .(ñøÂî üÜ¬� ñ�ùÀþ� ý��Ìì Ý�Þã�) .��Ìì 40.1I ñ�Þ���õ ñø� ñ�ùÀþ� Âû ý�Â� �¤�Ê�þ� ¤¢ ¢�ª À�ó�� �Ìä n Í¨�� �î Àª�� R ¥� ý�ùÂ¨ ñ�ùÀþ� I.htp � n ,p ö��� .℄4.15 ý��Ìì ,36[ .í.¤ .ö�ûÂ��î üÞÆÖ� À�ª�� R ñø� ý�û ñ�ùÀþ� q ø p ø ù¢�� ýÂ��÷ ý��ÖÜ� R Ý��î ­Âê .��Ìì 41.1ý�ä�Þ¹õ �¤�Ê�þ� ¤¢ .p ( p0 ( q �î Àª�� ¢���õ R ¥� p0 À�÷�õ ñø� ñ�ùÀþ� ×þ Ûì�À� ø p ( qüû��µõ�÷ Spe
(R) ùÄþ�� .´¨� üû��µõ�÷ ý�ä�Þ¹õ ×þ ¢¤�¢ ¤�Âì q ø p ß�� �î R ¥� ñø� ý�úó�ùÀþ�.´¨�ý�ä� Þ¹ õ ø Rp ý�Ö Ü � ñø� ý� ú ó�ùÀ þ� ý�ä� Þ¹ õ ß � � üØ þ � � × þ Â Ò� � � .ö� ûÂ �ö��µ�õ ßþ�Â���� ¢Âî ´��� Rp ý�ÖÜ� ¤¢ �¤ °ÜÎõ ö��µ�õ ßþ�Â���� ´¨� ¤�ÂìÂ� fr 2 Spe
(R) : p � rg.0 ( p0 ( p �î ´¨� ¢���õ p0 À�÷�õ üóø� ñ�ùÀþ� ­Âê �� ��� .´¨� ¼�½¬ ýù¥�� R �î ¢Âî ­Âê,1 � i � t Âû ý�¥� �� �î À�ª�� R ¥� ñø� ý�úó�ùÀþ� ��Þ� p1; � � � ; pt Ý��î ­Âê ÓÜ¡ ö�ûÂ� �� :(?).À�ª�� üõ 0 ( pi ( qñ�Þ���õ ñø� ñ�ùÀþ� q ùø�ã� (x) � q ×�þ� x 2 q � [ti=1pi Ý��î ­Âê .q * [ti=1pi �¤�Ê�þ� ¤¢�î ht(q) � 2 ,(?) Â���� ÂÚþ¢ éÂÏ ¥� .ht(q) � 1 ñøÂî üÜ¬� ñ�ùÀþ� ý��Ìì Â���� �Áó ´¨� (x)� .´¨� ¤�ÂìÂ� ÝØ� ø ÛÏ�� ÓÜ¡­Âê �Áó ´¨� Ëì��� ×þ ßþ�À�÷�õ �û ´ª�Ú÷ ø �úóøÀõ ¥� ýÂ�¹÷¥ ,´ê�±Þû ×þ .ÓþÂã� 42.1A : � � � �! An+1 dn+1�! An dn�! An�1 dn�1�! � � � n 2 Z.´¨� ¤�ÂìÂ� n 2 Z Âû ý�Â� dndn+1 = 0 ýø�Æ� �î Àª�� üõÝ��î üõ ÓþÂã� .1 � k � nø x1; � � � ; xn 2 R Ý��î ­Âê .ÓþÂã� 43.1I(k; n) = fi = (i(1); � � � ; i(k)) 2 Nk : 1 � i(1) � � � � � i(k) � ng



10 ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ .1 ÛÊê
ø Kt(x) = L0� nt 1Ai=1 R Ý � û¢ ü õ ¤�Â ì .´ ¨� � Ì ä 0� nk 1A ý�¤�¢ I(k; n) � î ¢� ª � �� �ü µ ¿ þÂ Þ û .À ª� � Kt(x) ý�Â � ý�� þ� � fei(1) ^ � � � ^ ei(t) : i 2 I(t; n)g Ý � � î ü õ ­Â ê,i 2 I(t+ 1; n) Âû ý�Â� �î ´¨� ¢���õ dt+1(x) : Kt+1(x) �! Kt(x)dt+1(ei(1) ^ � � � ^ ei(t+1)) = t+1Xs=1(�1)s�1xi(s)ei(1) ^ � � � ^ dei(s) ^ � � � ^ ei(t+1)Â û ý�Â � d1(ei) = xi � î ´ ¨� ¢� �� õ d1(x) : Lni=1R �! R ü µ ¿ þÂ Þ û ß � � » Þ û�î Àþ¢ ��®�� ö��µ�õ ö��î�.1 � i � n0 dn+1(x)�! Kn(x) dn(x)�! � � � d2(x)�! K1(x) d1(x)�! R d0(x)�! 0:´õ�ä�� ø Ý�õ�÷ üõ x := x1; � � � xn �� ´±Æ÷ R ñø¥�î ´ê�±Þû �¤ ´ê�±Þû ßþ� .´¨� ´ê�±Þû ×þ´ê�±Þû .ÝþÂ�ð üõ ÂÑ÷ ¤¢ Kerdi(x)Imdi+1(x) ñøÀõ�¤ Hi(x) ,0 � i � n Âû ý�Â� ø Ý�û¢ üõ Çþ�Þ÷ K�(x)0 �! Kn(x)
RM dn(x)
RIdM�! Kn�1(x)
RM �! � � � �! K0 
RM d0(x)
RIdM�! 0´õ�ä � � �¤ ´ê� ± Þ û ß þ� ñøÀ õ ý�� ó� Þû ß � õ �i ø Ý � û¢ üõ ö�È ÷ K�(x;M) ´õ�ä� � �¤M ñø�î ´ê�±Þû �¤ K�(x;M) ´ê�±Þû .¢�¢ Ý�û��¡ ö�È÷ Hi(x;M) ¢�Þ÷ � � � þ Hi(K�(x;M))´ê�±Þû �õa� ø .Ý�õ�÷ üõ x1; � � � ; xn �� ´±Æ÷0 �! HomR(K0(x);M) HomR(d1(x);IdM )�! HomR(K1(x);M) HomR(d2(x);IdM )�!

� � � HomR(dn(x);IdM )�! HomR(Kn(x);M) �! 0ñø�î ´ê�±Þû ö�ðø¢ �Â÷� ø Ý�û¢ üõ ö�È÷ K�(x;M) ´õ�ä �� �¤ ´ê�±Þû ßþ� .´¡�¨ ö��µ�õ ��÷ �¤�þ Hi(x;M) ´õ�ä �� �¤ ´ê�±Þû ßþ� ñøÀõ ý��ó�Þû ß�õ �i ø Ý�õ�÷ üõ x1; � � � ; xn �� ´±Æ÷M.¢�¢ Ý�û��¡ ö�È÷ Hi(K�(x;M))



11 ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ .1 ÛÊêÂ¬��ä ¥� ý��ó�±÷¢ x1; � � � ; xn ø ñøÀõ �R×þ M Ý��î ­Âê:℄(d)10.6.1 ,10[ .ÂîÁ� 44.1,i Â û ý�Â � ùÄ þ� � À � µÆû é¤� õø� þ� K�(x;M) ø K�(x;M) ´ê� ± Þû ø¢ �¤�Ê� þ� ¤¢ .Àª� � RHn�i(x;M) �= Hi(x;M)ö� ¤¢ � î ,Mx = S�1Mø À �ª� � R ¥� ýÂ¬� �ä x1; � � � ; xn � î Ý � � î ­Âê .Ó þÂ ã � 45.1Ý�û¢ üõ ¤�Âì 1 � k � n Âû ý�¥� �� .S = fx� : � � 0gI(k; n) = fi = (i(1); � � � ; i(k)) 2 Nk : 1 � i(1) � � � � � i(k) � ng.¢�È�õ ö��� Âþ¥ �¤�Ê� (�) ´ê�±Þû ñ�� .Ck(M) =Li2I(k;n)Mxi(1)���xi(k)ø C0(M) =Mø0 Æ�1�!M Æ0�! nMi=1Mxi�!� � � Æk�1�! Mi2I(k;n)Mxi(1);���;i(k)�!� � � �!Mx1���xn Æn�! 0� � Æ0 �î ¢�ª ��a � � .À � î �ã��Âõ ℄5.1.5 ýù¤��ð ,9[ � � Â µÈ� � ¼�®� � ý�Â � À ÷�� � üõ ùÀ� ÷��¡��÷ �¤ Æ1 ý�Î��® ùÀ�÷��¡ ÂµÈ�� üþ��ª� ¤�Ñ�õ �� .¢�È�õ ÓþÂã� Æ0(�) = (�1 ; � � � ; �1) ý�Î��®�î ¢�ª ����.Ýþ¤ø� üõÆ1 : C1�!C2 �î Ý�÷�¢ üõ ö� ¤¢ �îC2 =Mx1x2MMx1x3M � � �MMx1xnMMx2x3 � � �MMxn�1xn
Æ1(�1xt11 ; � � � ; �nxtnn ) = ( xt21 �2(x1x2)t2 � xt12 �1(x1x2)t1 ; � � �; xtnn�1�n(xn�1xn)tn � xtn�1n �n�1(xn�1xn)tn�1 ).Ý�õ�÷ üõ ×� ´ê�±Þû �Â÷� ø Ý�û¢ üõ ö�È÷ C�(M) ´õ�ä �� �¤ (�) ´ê�±Þû .´¨� ùÀª ÓþÂã�



12 ý��ó�Þû ø üþ�¹��� Â±� ¥� ü��õÀÖõ Ý�û�Ôõ .1 ÛÊêÕ�ì¢ ý�µª¤ Âû ý�¥� �� �î Àª�� ö��� X ²� ñøÀõ R Âð� .ÓþÂã� 46.10�!M 0 f�!M g�!M 00�!0 �µª¤0�!HomR(X;M 0) HomR(idX ;f)�! HomR(X;M) HomR(idX ;g)�! HomR(X;M 00)�!0.´¨� ýÂþ�Ê� ñøÀõ �R×þ X ñøÀõ �R �î Ý�þ�ð ,Àª�� Õ�ì¢üû� � µ õ ¢�¥� ý�ú óøÀõ �Ø� �¤�¬ ¤¢ Ý� þ�ð üû� � µ õ Çþ�Þ ÷ � � �¤ M ñøÀõ R .ÓþÂã � 47.1ý�µª¤ �Øþ¤�Î� À�ª� � ¢���õ F1 �! F0 ø F0 �! M ý�û üµ¿þÂÞû �R ø F0 ø F1 À� ÷�õ�R Âû ù�Ú÷� Àª�� ýÂ��÷ R Âð� �î ´¨� ý¤ø�¢�þ �� �¥� .´¨� Õ�ì¢ F1 �! F0 �! M �! 0.´¨� üû��µõ Çþ�Þ÷�� ,üû��µõ À�ó�� �� ñøÀõR ¥� üó�ùÀþ� a ø ñøÀõ �R×þ M ø ¤�ÀØþ ø üþ�¹��� ý��ÖÜ� R Ý��î ­Âê .ÓþÂã� 48.1:Ý��î üõ ÓþÂã� .Àª���a(M) = fm 2M : anm = 0 9n 2 Ng´±Æ÷ üã®�õ ý��ó�õ�û�î ß�õÂÔ¬ �¤ �a(M)) .´¨� M ñøÀõ Âþ¥ �a(M) �î ´¨� ¼®�ø�R×þ f : M �! N Ý��î ­Âê .�a(M) = S1n=1(0 :M an) �î ´¨� ¼®�ø .(À�õ�÷ üõ a ��.anf(m) = 0 �Áó ø anm = 0 Ýþ¤�¢ n 2 N ü¡Â� ý�Â� ù�ð ö� m 2 �a(M) Âð� .Àª�� üµ¿þÂÞû�� �a(M) ¥� üµ¿þÂÞû �R×þ (�a(M)Â� f ÀþÀ½�) �(f) ßþ�Â���� .f(m) 2 �a(N) �¹�µ÷ ¤¢�� ×þ ��÷ �a(f) : �a(M) �! �a(N) ù�Ú÷� Àª�� ×þ �� ×þ f Âð� �î ¢�ª ��a �� .´¨� �a(N)ù�Ú÷� Àª�� Õ�ì¢ ý�µª¤ 0 �!M f�! N g�! P Âð� .´¨� ×þ0 �! �a(M) �a(f)�! �a(N) �a(g)�! �a(P ) .´¨� Õ�ì¢ ��÷�¤ T ´¨�¤ ýùÀª ÕµÈõ ¤�µØ÷�ê .Àª�� üãÞ� ø ¢¤�Þû ý¤�µØ÷�ê T :R " �!R0 " Ý��î ­Âê ñ��


